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Abstract 
Practical Applications for Multitouch Gaming Technology in 
the Middle School Classroom 
William Leon Muto 
Paul J. Diefenbach, Ph.D. 
 
 
 
 The educational merits of computer-based gaming and simulations have been 
understood for decades.  Carefully designed games, combined with modern processing 
power, can create learning environments that foster critical thinking and provide instant 
and constant feedback to the user.  While these merits have been utilized successfully in 
the military and private sectors, simulations have yet to be embraced in a similar fashion 
in the classroom.   
 Simulations have even greater potential in the classroom when combined with 
novel input systems.  The multitouch display, which allows multiple users to interact with 
a computer using hand and finger gestures, creates an invisible interface with a shallow 
learning curve, providing users with a more natural way to work. 
 This thesis demonstrates the potential of gaming, web, and new input 
technologies to meet the changing educational needs of a modern middle school 
classroom.  A prototype teaching tool, influenced by current educational theory, 
demonstrates this platform and creates an exploratory environment where students learn 
through play and are encouraged to continue the learning experience outside the 
classroom. 
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1. KEY TERMS 
 
Engine 
An engine is software that performs the tasks of collecting user input, 3D scene 
management, networking, event synchronization, and rendering to screen.  
Finite State Machine (FSM) 
A finite state machine is a computational model that determines an object’s 
condition at a certain time (state), and depending on input passed to the machine, 
transitions to new states. 
Node 
A node is an abstract representation of a data structure.  Nodes contain 
information and pass data to each other through connections. 
Rendering 
Rendering is the process of creating two-dimensional representations from three-
dimensional data. 
Server 
A server is an application that accepts connections from clients, performs a task, 
and sends back a response.   
X3D 
X3D is a royalty-free open standards format and run-time that is used to display 
3D scenes. 
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2. INTRODUCTION & THESIS OVERVIEW 
 
 
 Over the course of the last century, new technologies have shaped an economy 
that has become networked, collaborative, and global.  However, despite these changes, 
the classroom still remains, in essence, reminiscent of the turn of the 19th century.  
Psychologists, researchers, and educators have long understood the need for rethinking 
modern classrooms in regard to both structure and integration of effective technologies 
for productivity.  Initiatives such as the Partnership for 21st Century Skills [1], whose 
membership includes Microsoft, Apple, and Intel, have advocated for education that 
promotes innovation, communication, technological literacy, and adaptability.  Yet 
educational institutions are slow to adapt, a disservice to the students within.  Current 
technologies that have been incorporated only exacerbate the problem; powerful systems 
are used for simple tasks, such as word processing or “flashcard” style, rote 
memorization.  Such utilization overlooks the potential of these new technologies. 
 My thesis, which builds on the educational philosophies of collaborative learning 
through discovery, harnesses state-of-the-art technology using low-cost hardware, open-
source software, and universal standards to prototype an effective and novel approach to 
classroom learning.  In this thesis, I propose that a Frustrated Total Internal Reflection 
(FTIR) multitouch display [2], which allows multiple users to interact simultaneously 
with a virtual environment by touch, can be used to deliver educational content that 
encourages critical thinking, promotes learning outside the classroom, and embraces both 
group and individual learning techniques.  Typical computer learning experiences have 
been limited to either individual or small group work where one student “drives” 
(operates the keyboard and mouse), while others “co-pilot” (work over the primary user’s 
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shoulder).  The multitouch display allows multiple students to participate equally at once, 
using shoulder-to-shoulder active play to foster enthusiasm.  The multitouch display, 
which has network capability, can also send data to traditional computer interfaces for 
further individual research and exploration.  
My thesis is comprised of two applications built on a framework.  Initially, I 
developed a lesson plan about ecosystems and built a multitouch simulation to enrich the 
educational experience.  In this simulation, the multitouch screen acts as a virtual 
terrarium, a window "looking down" on a small patch of garden.  Through touch and 
hand gestures, students "take samples" of different insect types and plant seeds.  This 
information is accessible via a web portal, where students not only track the development 
of organisms within the simulation, but also view 3D models, images, facts, and related 
teacher-approved resources regarding their collections.  Next, I demonstrate the potential 
of my framework by adapting an existing 3D educational environment, a virtual 
aquarium, into a multitouch, web-enabled experience.  While testing this system within a 
true classroom environment is beyond the scope of the thesis, I hope instead to provide an 
informed base of research as a stimulus for future innovation in technology-based 
education reform.   
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3. BACKGROUND INFORMATION 
 
 
 Several areas of study inform this thesis.  First and foremost, current educational 
theory regarding successful teaching methods is explored.  This thesis then examines past 
attempts at creating educational games, and determines their strengths and shortcomings.  
Finally, it determines the current state and usability of multitouch display technology.  By 
utilizing the aforementioned research, this thesis discusses a framework for a novel 
learning management system built to meet the needs of the changing classroom 
environment, and proposes prototype applications built on that framework. 
 
3.1. EDUCATION THEORY 
 
Even at the time of Simulation in the Classroom’s publication thirty-five years 
ago, many like Taylor and Walford recognized the necessary evolution of education’s 
format: “If pupils have chances to reorganize their own perceptions and ideas by 
discussion […] it may not only encourage them to improve their own powers of 
expression, but also lead them on to grapple with more difficult problems” [3]. In 
addition, Taylor and Walford stress the “demand from students at all levels for 
curriculum material which is seen to be relevant to the society in which they live”; in 
other words, quoting American psychologist Jerome Bruner, “the value of any piece of 
learning over and above the enjoyment it gives is that it should be relevant to us in the 
future” [3]. Most importantly, we hear a critique of education from the authors which still 
rings true: the changing economy demands an education that crosses the boundaries 
between traditional disciplines, provides “problem-based” approaches to learning, and 
develops “social skills which are directly relevant to the world outside the classroom” [3].   
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Education should, at its essence, be “fundamentally dynamic”, that is, deal with 
“situations that change”, demand “flexibility in thinking” and promote “responsive 
adaptation to circumstances as they alter” [3]. While the publication predates educational 
initiatives like the Partnership for 21st Century Skills [1] by decades, the demands are 
nearly indistinguishable from those made by such modern education reform.  
As the 20th century drew to a close, the observations of education literature 
remained constant.  Johnson et. al. [4] critically evaluated the traditional learning system 
and supported the findings of previous reformers like Taylor and Walford [3].  Johnson 
and his colleagues identify three main types of classroom education -- collaborative, 
competitive, and independent -- and note that, while collaborative learning is potentially 
the most effective, it is still the least used.  This lack of use is partially due to the fact that 
what educators perceive to be collaborative learning may not reflect the true collaborative 
model; simply forcing students to work together does not necessarily result in 
collaboration.  Therefore, Johnson and his co-authors propose a list of core components 
for collaborative learning, which includes positive interdependence, "promotive" 
interaction, individual accountability, and cooperative skill [4].  The authors stress the 
importance of collaborative learning and its strengths over traditional education models 
since it more accurately mirrors real-world working relationships and aids in developing 
critical peer relationships from which students learn values, draw support, and acquire 
social sensitivity.  Today, technologies such as the Internet and collaborative input 
devices can be used to more easily support these core components of collaborative 
learning, making the likelihood of developing such ideal learning spaces a greater 
possibility.  
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Jochems et. al. [5] provide additional concrete, realistic insight to technology 
application in the classroom. The authors note that the common shortcoming in 
technology integration has been one of two extremes; either there is too little change to 
the curriculum (the typical approach) or too much from educators attempting to 
disseminate as much technology into the educational framework as possible (the 
technological optimist approach). The editors try to meet modestly in the middle, 
acknowledging the complexity of the problem and that no one technological solution 
exists.  Therefore, the editors explore educational solutions that promote attributes 
commonly known today as 21st century skills (critical thinking, problem solving, 
communication, etc.) [1], and curricula that are flexible to student needs. 
The criticism made by Jochems et. al. [5] must be taken to heart when developing 
technology-rich educational content; technological determinism can reduce, or even 
eliminate the effectiveness of the curriculum.  Tools, such as the multitouch display, 
should not be considered the only effective solutions, and they certainly cannot replace 
the role of the teacher as a guide and facilitator for learning.  
 
3.2. GAMING AS A TEACHING TOOL 
Gaming and simulation utilized as effective teaching tools is not a new concept 
and it is certainly not an approach that is a result of the increased popularity of the 
personal computer, although today the two are undeniably connected. Taylor and 
Walford outline the history of simulation techniques [3], tracing this history through three 
distinct “streams”: role-play, gaming, and machine simulation. The oldest of these 
threads is gaming, whose genesis the authors credit back to the Chinese war game “Wei-
hai” (now known as “Go”), which originated circa 3000 B.C. However, the authors argue, 
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“it was not until the turn of the eighteenth century with the growing belief that war was 
rapidly becoming less of an art and more of a science, that gaming began to be viewed as 
an important approach to training”. Businesses recognized the potential from these 
military exercises, and as early as 1956, began to incorporate them into their training 
regimen, with a great deal of support from the American Management Association.  
Simulations – specifically, analog or person-to-person simulations – first began to 
appear in the classroom in the 1960s, but unfortunately, according to a study by Boocock 
and Schild, while adopted with great enthusiasm, these early simulations were developed 
with little critical preliminary evaluation, followed by incomplete or inaccurate reports on 
their subsequent success or failure [3]. However, more accurate and comprehensive 
studies have been conducted in this area as of late due to renewed interest.  
From their research, Taylor and Walford distinguish two overarching “themes” 
regarding the strengths of simulations in the classroom: development of student 
motivation and providing relevant material. Specifically, the authors list positive 
developments such as “a heightened interest and excitement in learning”, “divorce from 
conventional wisdom”, “removal of teacher student polarization”, “simulation as a 
universal behavioral mode”, “learning at diverse levels”, “inter-disciplinary view”, and 
“bridging the gap to reality”, a list that is strikingly similar to today’s arguments for 
technology within the classroom. The authors also note several shortcomings of 
simulations, mainly the increased time demand and “difficulties of availability and cost”. 
Once again, despite its datedness, the work by Taylor and Walford recognized the 
potential of new approaches to learning, which would be advocated four decades later.  
Around the same time as Taylor and Walford’s publication, papers published by 
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The Society for the Advancement of Games and Simulations in Education and Training 
(SAGSET) seemed to agree. Gann [6] reiterates that despite attempts over the past decade, 
“theories on gaming, group dynamics, and so on have proliferated, while what has been 
overlooked is an approach which will actually popularize the technique amongst 
classroom teachers and lecturers”. Gann stresses simulations’ ability to “clarify the 
‘mysterious’ workings of a process” as well as advance consideration of social issues. In 
examining classroom simulations, such as those that explore courtroom and industry 
relationships, Gann tries to pinpoint obstacles. As literature will later do, Gann 
emphasizes the role of the teacher:  
a simulation in the classroom demands that the teacher possess some 
particular skills which may not be those traditionally demanded of the 
formal classroom teacher […] but which have closer links with 
Stenhouse’s ‘neutral chairman’ role […] Primarily, though, he must be an 
organizer […] Too many potentially exciting simulations have been 
nipped in the bud by the interference of a nervous teacher who sees the 
traditional classroom rules being ignored. 
 
Gann therefore attempts to clarify the necessary components needed for a successful 
simulation in order to make them more accessible to teachers, and arrives at the following 
conclusion: the basic structure of the simulation must “be speedily produced”, “use a 
minimal amount of material”, “fit into the normal timetable”, and “be individually 
tailored to the aims of the teacher and the needs of the group”.  Here Gann recognizes the 
changing role of the educator; once again, the simulation cannot overshadow the 
guidance of the teacher or distract from the goals of the curriculum.   
When personal computers and learning software began to surface in the classroom 
as a vehicle for simulations in the early 1980s, Lathrop and Goodson analyzed their 
effectiveness [7]. While the technical capabilities of computers have progressed by leaps 
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and bounds since its publication, the authors’ theory still holds true. The authors state that 
the most effective software caters to the student, clearly stating learner objectives, 
providing consistent positive feedback, and allowing the student to control the pace of the 
session. The authors also stress the importance of not simply transferring the paper 
medium of the textbook to the screen. Instead, technology must be carefully coordinated 
to append to the curriculum, a view explored nearly twenty years later by Jochems et. al. 
[5].  Interestingly enough, the authors praise drill-based software, or what Morrison 
would later call the “flash card” approach, which is now frowned upon by educators [8]. 
However, this seems to be an artifact of the technology limitations at the time.  
Morrison and Lowther [8] still stress the same basic learning principles as their 
predecessors, providing a practical roadmap for creating practical technology-based 
solutions. Morrison and Lowther, like Gann, emphasize that modern learning demands a 
“facilitator” in the classroom, not simply a “teacher” -- an important role which must be 
taken into account when developing games for the classroom, as will be proven by 
developers such as Squire et. al [13]. Facilitators must “foster meaningful learning”, 
“create an open and supportive culture”, and “meet the diverse needs of learners” 
[8].  Morrison and Lowther recognize, as did Taylor and Walford [3], the adaptations of 
business to use gaming to deliver instruction [8]. They also acknowledge the need for 
education reform noted by Johnson, which remains unmet forty years after Simulation in 
the Classroom was first published:  
Since the turn of the century, schools in the United States have operated 
on a factory model – their aim was to create obedient and competent 
workers for the many factories and industries that were a part of the 
industrial revolution […] As the century continued, industry changed. 
Specialized workers with communication skills who could work as part of 
a team, think independently, and question the status quo were needed. 
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Schools, however, have remained essentially unchanged since the early 
1900s. [8]  
 
Morrison and Lowther attribute this lack of progress to several important factors that 
must be considered. First, they attribute a lack of communication between educational 
reformers and developers of educational technology [8]. They also pinpoint the way 
technology has been utilized in the classroom – that is, to “deliver instruction”, through 
outdated methods such as “drill-and-practice” and “rote memorization” [8].  
Instead, the authors petition first for reforming the classroom into an “open 
learning environment”, which focuses on student-centered instruction, “emphasizes 
understanding one’s world rather than mimicking”, “reduce[s] discrepancies between 
what [the students] know and what they observe”, and refines knowledge “through 
negotiations with others and evaluation of individual learning” [8]. Once the barrier of 
rote memorization has been overcome, technology can be adopted. To do so, the authors 
propose the NTeQ (iNtegrating Technology for inQuery) framework, in which 
the teacher is technologically competent and assumes the roles of designer, 
manager, and facilitator, the student actively engages in the learning 
process, assumes the role of researcher, and becomes technologically 
competent, the computer is used as a tool, as it is in the workplace, to 
enhance learning through the use of real world data to solve problems, the 
lesson is student centered, problem-based, and authentic, and technology 
is an integral component.  
 
NTeQ defines components which “fit together to create lesson plans that are student 
centered, problem-based, authentic, and dependent upon integration of technology” [8].   
One of the most influential voices in both the theory and practice of game-based 
learning has been educational game developer Marc Prensky.  Prensky outlines why 
gaming for the classroom is effective, stating that “added engagement comes from 
putting the learning into context”, an “interactive learning process” caters to modern 
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young minds, and the lesson can become “highly contextual” [9]. He believes that the 
most effective learning comes from a proper (and equal) balance between engagement 
and learning, a position that will be echoed by many subsequent attempts to create 
successful learning games, such as those by Garzotto et. al. [10] and Chen et. al. [11].  
Again, like many others, Prensky looks to the success of leading businesses, such as 
Bayer and H&R Block, and their applications of game-based learning to both train 
employees and educate customers.  
Prensky [12] also focuses on how the mind of the modern learner is drastically 
different from those of learners four and five generations prior. The technology-rich 
environment of the modern learner has enhanced thinking skills, such as 
multidimensional visual-spatial skills, mental maps, and “inductive discovery”, all of 
which are being ignored by educators.  Prensky argues that a rejection of traditional 
learning methods by the student is frequently misdiagnosed and simply dismissed by 
educators as a short attention span. Modern learners crave interactivity, “an immediate 
response to their each and every action,” and traditional school provides little of this 
feedback. Prensky also agrees with Morrison [8] that games should not merely be drills 
with eye-candy, essentially glorified flash cards. He goes on to cite the success of the 
Lightspan Partnership, which conducted studies in 400 districts using educational games 
for the PlayStation game console as curricular reinforcement and reported an increase in 
vocabulary and language arts comprehension of 24-25%, as well as a 51% increase in 
mathematical problem solving [12].  
While a great deal of educational theory has pointed seriously towards gaming as 
a viable and effective solution since the 1970s, only recently has simulation-based 
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education been implemented with some success.  Even then, these projects are largely 
isolated and have not been widely accepted into the common classroom, commonly 
hindered by budget or scope.   Despite shortcomings, the following sections detail several 
approaches that hold a great deal of promise. 
 
3.2.1. SUPERCHARGED! 
 
 In a joint initiative between MIT, Boston College, and the University of 
Wisconsin-Madison, researchers developed SuperCharged!, a 3D game designed to teach  
the abstract concept of electromagnetism [13].  The goal of the game is to navigate a 
charged ship through a maze.  The game environment is comprised of two modes: 
planning and playing.  In the planning stage, players strategically place a limited number 
of charges throughout the level.  In the playing stage, users manipulate the charge of their 
ship between positive, negative, neutral, and dipole to change the trajectory of the ship.  
Throughout the level, hazards such as solid magnets and currents are included in the 
simulation, and can divert the ship from its path. 
 
 
 
Figure 1: SuperCharged! 
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 When incorporating this game into a 7th and 8th grade curriculum, Squire et. al. 
made several observations.  Those who participated in the curriculum supported by the 
simulation significantly outscored the control group [13].  They also found, when 
analyzing pre- and post-interviews with students, that those in the experimental group 
utilized elements in the game as tools for problem solving, while those in the control 
group relied on memorized facts; Squire et. al. state that “these initial findings suggest 
that the primary affordances of games as instructional tools may be their power for 
eliciting students’ alternative misconceptions and then providing a context for thinking 
through problems” [13].   
The study did meet with difficulties.  While observations also revealed that 
students were “immediately drawn to playing SuperCharged! and eagerly played the 
game”, few students were “critically reflecting on their play” [13] without added 
structure from the teacher.  The study also found that boys focused on “beating” the game, 
while girls tended to “record their actions, review levels, and share their results with 
peers” [13].  These observations inform very crucial design decisions for my educational 
platform; such changes imply that avoiding the “level-to-level” standard and creating a 
persistent game, effectively redirecting competitive aspects of play from “completing” 
the game to mastery through exploration, could make improvements to educational 
gaming. 
 
3.2.2. COLLABORATIVE DISCOVERY LEARNING THOUGH BUOYANCY SIMULATION 
 
 Chen and Zhang continued study of simulation in the classroom by combining 
collaborative learning with a computer simulation [14].  Students explored the forces 
affecting objects suspended in water.  Like Squire et. al. [13], Chen and Zhang’s 
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simulation attempted to teach several abstract physics concepts, in this case, Archmedes’ 
law of buoyancy (“the size of the buoyant force acting on an object in liquid equals the 
weight of the displaced liquid”) as well as liquid displacement by the suspended object 
[14].  The simulation was designed so students were not presented the full buoyancy 
model all at once, but used the simpler task of determining which of three attributes 
(shape, mass, and volume) were related to the buoyant force [14]. 
 
 
 
 
Figure 2: Chen and Zhang’s buoyancy simulation 
 
 
 
 Chen and Zhang’s study was performed in a classroom of forty-four 8th grade 
students, who were divided into four groups: pairs and single users who received 
explanation of the simulation, and pairs and single users who did not [14].  Students first 
used a tutorial version of the simulation for approximately 10 minutes, and then were 
presented with the problem.  Students then performed experiments using the simulation 
to form a conclusion; “prompted” users were given an outline of possible questions.   
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After the simulation exploration, students were given a posttest [14].  At the conclusion 
of the study, Chen and Zhang found: 
(a) Peer collaboration had notable effects on the overall discovery 
outcomes and intuitive understanding generated from the discoveries; (b) 
there were clear interactions between collaboration and learners’ physics 
performance on the overall discovery outcomes and intuitive learning test; 
(c) collaboration had positive effects on learners’ variable control skills 
and their focused design of experiments and (d) no significant main effect 
or interaction was revealed concerning explanatory prompt.  [14] 
 
In short, “[p]airs discovered the rules more successfully, and generated more insightful 
intuitive understandings on the relationships between the investigated factors and the size 
of buoyant force” therefore making more successful predictions [14]. 
 Much can be gathered from Chen and Zhang’s work, notably, quantitative support 
for the argument that students working together were able to grasp abstract scientific 
concepts more successfully than students working alone.  However, participation by the 
students working together was not guaranteed to be equal, since the pairs were working 
on standard keyboard and mouse computer terminals.  I hope to overcome this 
shortcoming through utilization of the multitouch display. 
 
3.2.3. FATE2 
 
In 2006, Garzotto and Forfori proposed FaTe2, a multi-user collaborative 
storytelling space [10].  The authors embrace “child-centered design” for their game 
environment, “combining educational contents and tasks with entertainment activities 
that increase engagement, emotion, and motivation” [10].  Unlike the science-centered 
applications of Squire et. al. [13] and Chen and Zhang [14], the goals of this particular 
game were to instead focus on narrative and communication skills through interaction in 
a social context [10].  Their study group spanned across 105 children ages 7 to 9.  
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Figure 3: FaTe2, a collaborative, virtual storytelling environment. 
 
 
 
Using the game paradigm, FaTe2 promotes learning by encouraging students to “take 
information from many sources, to make decisions quickly, to create strategies to 
overcome obstacles, [and] to understand complex systems through experimentation” [10]. 
The authors adopt the concept of “blended learning”, which is a “harmonious mix of both 
computer mediated activities and traditional educational work” [10]. The role of the 
teacher in Garzotto and Forfori’s multimedia space is also strikingly similar to the one 
proposed by Taylor and Walford [3], and Gann [6]; the teacher becomes a “guide”, who 
“controls the workflow of each session” and helps students avoid the risk of “getting lost 
in hyperspace” [10].  
 Garzotto and Forfori’s approach avoided many problems associated with games in 
an educational context.  Using an open-ended exploratory environment with no definitive 
levels, competitive students were restricted from rushing to “complete” the game, as they 
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did with Supercharged! [13].  In addition, their game environment addressed multiple 
learning styles by incorporating “ability”, “problem-solving”, “content-oriented”, and 
“linguistic” tasks into the overarching gameplay [10].  
 
3.2.4. MY-PET-OUR-PET 
 
Chen et. al. explored another avenue for capturing students’ attention through 
gaming [11]. The authors’ web-based system, My-Pet-Our-Pet, harnesses the learner’s 
compassion and affection towards their pets, a phenomenon which was studied by Sturkle 
et. al. [14], who found that virtual companions, such as Aibo or Tamagotchi, “initiates a 
relationship based on an implicit request to be played with and taken care of”, similar to 
that of a real pet, therefore encouraging the user to interact based on an inferred reliance. 
 
 
 
Figure 4: My-Pet, Our-Pet 
 
 
To sustain their pet, students must participate in learning activities to obtain resources. 
Although the approach is different, the result is the same as achieved by Garzotto and 
Forfori [10]: strengthening motivation to learn through emotional attachment. “The good 
will for My-Pet is the cause and the learning is the effect. Although this initial motivation 
for learning is not for the purpose of learning itself, however, if the student later finds that 
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the required learning is an intriguing and rewarding experience, this initial motivation 
may change qualitatively to motivation in learning itself” [11]. In addition, the system 
developed by Chen et. al. encourages both self-reflection and group responsibility 
through the care of an individual and team pet.   
 While this system does arguably increase motivation, the point can be made that 
this particular system can easily befall the shortcomings described by Morrison [8]; a 
question-and-answer “earning” system can simply be a seen as an interactive “flashcard” 
approach, which ignores the application of simulations in critical thinking and decision 
making development.  However, what must not be ignored from this study is the 
confirmation that student interest can be maintained through connection with a virtual 
representation of a living thing; by integrating a similar observation system into my 
simulation, I can increase student involvement with the lesson and motivation to continue 
exploration. 
 
3.2.5. OBSERVATIONS 
 
 While these recent attempts at creating successful games for the classroom have 
shown a great deal of promise, improvements can still be made.  Building on the 
successes and learning from the failures, I take the following into account.  First, standard 
level progression in educational games can be ineffective, since competitive students 
ignore the nuances of the educational content while simply trying to quickly master to 
gameplay.  In addition, games must also be designed with the teacher in consideration, 
and should not be seen as standalone replacement teaching tools since focus can easily be 
lost without educator guidance.  Finally, the educational game must not be developed in 
the tradition of a pencil and paper test with interactivity provided as an easy-to-swallow 
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coating; it must harness modern computing power to create a dynamic system where 
students learn through discovery and apply critical thinking.  
 
3.3. MULTITOUCH INTERFACES 
 
 Traditional human-computer interfaces have remained largely unchanged since 
their inception; apart from improvements to increase precision, the modern mouse has 
conceptually diverted little from Douglas Engelbart’s original patent in 1970 [16].  
Unfortunately, these interfaces filter out a great deal of information that humans use to 
communicate. Recent advances in computer vision and processing power have made new 
methods of interaction possible.  Multitouch displays in particular offer great appeal, 
allowing users to communicate with hardware more naturally.  Unlike traditional touch 
displays, which require a stylus or are restricted to single points of contact, multitouch 
displays can recognize multiple fingers and hands, as well as both gross and fine gestures. 
 
3.3.1. DIAMONDTOUCH 
 
 Deitz and Leigh released the DiamondTouch system in 2001 [17].  The system 
worked by capacitance; antennas with unique signals connected to transmitters were 
placed under an insulating surface, and users sat on chairs, each with an individual 
receiver, which in turn were connected to a computer.  When a user sitting in the chair 
touched the surface, a circuit was completed, and by the signal of the antenna, the 
computer could determine the location of the touch and the user who performed it. 
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Figure 5: DiamondTouch, which uses capacitance to detect user interaction 
 
 
 
 While the DiamondTouch solved many problems, including errant touches by 
objects placed on the table’s surface, it still had several limitations.   First, users had to be 
seated for their touch to register, and resolution was limited to antenna density.  Since the 
table was completely opaque, video output was displayed through a top-down projector, 
so user’s hands cast shadows over graphics. 
 
3.3.2. SMARTSKIN 
 
 SmartSkin [18] made several improvements to the DiamondTouch [17] system.  It 
uses a copper mesh of transmitter (horizontal) and receiver (vertical) wires.  A wave 
signal is passed between the wires (since the mesh acts as a capacitor at cross points).  As 
a conductive and grounded object, such as a hand, nears the mesh, energy from the 
transmitted wave is drained through capacitance before it reaches the receiver.  
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Figure 6: SmartSkin 
 
 
 
 This method solved several problems.  First, users were not restricted to sitting in 
chairs attached to receivers.   Also, since the copper wire mesh increased the sensing 
resolution of the table; the DiamondTouch [17] antennas were half a centimeter wide and 
a “typical touch” typical would span between 2 rows and two columns of antennas, while 
the mesh of SmartSkin, through an interpolation calculation, was accurate to 1 cm. 
 This approach also added additional functionality.  The table reacts to a hand 
approaching the table, usually within 5-10 cm of the surface, essentially creating 
“mouseover” functionality.  However, since the table had to remain opaque, top-down 
projection again had to be used, introducing the same problem of shadow obscuring 
images on the screen. 
 
3.3.3. FRUSTRATED TOTAL INTERNAL REFLECTION 
 
While multitouch research has been developing for some time, Han’s work [2] 
generated renewed interest in development, since it made such displays inexpensive to 
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produce and highly scalable.  Han’s method provides the framework upon which our 
table was built. 
Han’s method uses an array of infrared (IR) light emitting diodes (LEDs) placed 
along the edge of a transparent, polished surface.  Light from the LEDs remains trapped 
within the surface until it is scattered by an object placed on the surface, such as a finger.  
The scattered light is then detected by a camera placed under the display surface, 
demonstrated in Figure 7.  While this system does not recognize objects approaching the 
table as SmartSkin [18] does, it has many advantages.   First, the resolution of the camera 
is much greater than that of the 10 x 10 cm sensor cells of .5 mm wire used by SmartSkin 
[18], increasing the accuracy from 1 cm to 1 mm.  Secondly, since the IR light is 
reflected through a transparent surface, rear projection can be used in conjunction with a 
diffuser, preventing any objects from being obscured by shadow. 
 
 
 
 
Figure 7: Frustrated Total Internal Reflection. 
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3.3.4. PLANET DIGGUM 
 
 Our early work with multitouch gaming provided an important framework to 
build upon [19].  Planet Diggum is a kiosk god-game, where users interact with creatures, 
called “diggums”, using gross hand gestures.  Our table hardware was the result of joint 
research between Drexel’s Computer Science and Electrical and Computer Engineering 
departments, with game development coordinated by Drexel’s RePlay Lab [20], a 
collaborative effort between Drexel’s Computer Science and Digital Media programs.  
Thanks to Han’s low-cost FTIR method [2], the cost of the first-generation table was 
under $4,000, an investment comparable to a purchase of several reasonably equipped 
modern laptops. 
 
 
 
 
Figure 8: Planet Diggum 
 
 
 
The application was developed in X3D [23], and at its completion, we had made 
an important extension to the engine: a dual-node system which allows X3D to 
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communicate with the multitouch display.  The first node (MTClient) connects to the 
multitouch server, which collects and analyses input data such as hand location, the 
gesture performed, and the number of fingers used, and sends this information over a 
TCP/IP connection.  Next, we reengineered X3D’s standard input hander, which 
normally recognizes data from a mouse, to utilize the information sent from the first node 
(MTTouchSensor).  The gesture recognition software on the server was built to recognize 
eight different gestures (poke, pluck, drop, flick, squeeze, zoom in, zoom out, and five-
finger drag) and could easily be repurposed to enrich interaction with an educational 
simulation.   
Early work with Planet Diggum would also establish a foundation for artificial 
intelligence within the educational simulation.  The “diggum” characters were built as 
X3D prototypes (PROTOs), or independent, self-contained modules, that could be 
imported and routed into any X3D node network.  The PROTO defined the character’s 
geometry, animation, and logic, and was controlled by a finite state machine (FSM).  The 
FSM determined the diggums’ goals, actions, and demeanor at a specific time by reading 
the character’s temperament, comprised of six different variables on a scale of -1 to 1, 
taking into account location, user input, and randomization.  While the diggum state 
machine was highly complex, it would inform the design of the simplified state machines 
that would control plant and animal life in the following applications.    
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4. APPROACH 
 
 
 The first multitouch application was built from the ground up.  Based on previous 
research, the following goals had to be met in order to develop an effective teaching tool: 
• Encourage learning through discovery and play 
• Increase learner motivation 
• Encourage collaborative, shoulder-to-shoulder work 
• Encourage learning outside the classroom 
• Discourage “play-to-complete” and promote exploration 
• Allow for easy expansion 
• Support and integrate with a standards-based lesson 
 
These goals would inform both the educational design (content) and the system design 
(architecture).   
 
4.1. EDUCATIONAL DESIGN  
 
The purpose of the initial prototype lesson plan, which includes activities at the 
multitouch display as well as group discussion and research, is to educate learners about 
differences and balance in the ecosystem, and would adhere to the following 
Pennsylvania state standards [21][22]:  
• Demonstrate the dependency between living components and nonliving 
components in the ecosystem (PA Environment & Ecology Standard 4.6.7.A) 
• Explain how change in an ecosystem relates to humans (PA Environment & 
Ecology Standard 4.6.7.C) 
• Compare and contrast different biomes (PA Environment & Ecology Standard 
4.6.7.A) 
• Identify the environmental impact that waste has on the environment (PA 
Science & Technology Standard 4.6.7.A) 
• Apply models to predict specific results and observations (PA Science & 
Technology Standard 4.6.7.B) 
• Explain the complex, interactive relationships among members of an 
ecosystem PA Environment & Ecology Standard 4.3.7.B) 
 
The lesson will feature exploration of a virtual terrarium, a learning method similar to 
Chen and Zhang’s model [14].   The terrarium was designed as a “sandbox” environment 
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[18].  Such a system, which lacks formal separation of levels or an endgame scenario, 
discourages competition from overshadowing educational content [13].    Students, 
working in groups, have a macroscopic world where they seed different plants and 
observe changes in the surrounding insect population.  In this way, through the 
simulation, students will be able to observe and interact with an environment that is not 
readily available in the classroom, therefore promoting understanding of the complex 
relationships in an ecosystem through experimentation [10], not through memorization 
and recitation [8][12].  They can also track the progress of insects in the simulation by 
“capturing and observing” them, fostering a connection with the virtual organisms and 
therefore increasing motivation [11][14]. 
 
 
 
 
Figure 9: Virtual Terrarium game screen 
 
 
 
The game or technology cannot be solely relied upon as the only teaching tool, as 
shown by Gann [6], Morrison, Lowther [8] Squire et. al. [13] and Chen and Zhang [14].  
For the educational simulation to be effective, it must support the lesson and the educator 
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must moderate its usage.  Therefore, integration into a practical lesson plan is a necessity.  
Before using the table, the educator will introduce ecosystems and the concept of 
“balance”, guiding a discussion with the class regarding what they already know and 
what they want to learn regarding the topic.  The educator will present example 
ecosystems, and guide student research of remote ecosystems.  Once the students are 
introduced to the simulation, the educator will ask students to make predictions about 
their activities in the simulation. In addition, the educator will strengthen the activity by 
reiterating learning goals during exploration, providing questions for critical thinking and 
initiating reflection after the activity is complete.   
Since the application is designed to support four students comfortably, students 
will rotate through other learning stations after their session on the multitouch 
display.  Supplemental activities will emphasize the learning goals and the 
aforementioned standards.  Through the web portal, students at individual computer 
workstations will be able to continue their research of their collections under the 
guidance of the teacher.  Using print and web resources, students will create charts of 
observed food chains and relate their observations to broader topics such as renewable 
resources and waste management.  Groups will then reconvene to share their findings 
with the rest of the class, and finally, reflect on their observations.  My complete lesson 
plan containing learning objectives, activities with computer and without, and evaluations 
can be found in Appendix A.   
4.2. SYSTEM DESIGN 
 In order to meet the educational goals stated in the previous section, I had to 
design a system that could:  
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• Realistically simulate an existing environment 
• Manipulate the scene based on input from a multitouch display 
• Render the scene in real time 
• Store a history of student interaction with the system 
• Provide access to simulation data remotely through the Internet   
• Easily be modified and expanded 
• Be affordable 
• Provide maximum flexibility and longevity 
I focused on choosing standards-based and/or open-source tools; in this way I could 
ensure the system was not only affordable, but flexible and expandable.  Therefore, I 
chose X3D [23] as an engine, MySQL [24] as a database solution, and PHP [25] as a 
server-side programming language. 
 
 
 
 
Figure 10: System architecture 
 
 
4.2.1. REAL-TIME SIMULATION 
 Of the many available graphics and simulation engines available, X3D was 
chosen to render images for the multitouch framework [23].  X3D, an open standard, is 
commonly used to display 3D graphics over the Internet, usually through a web browser.    
29 
 
 
 
 
Figure 11: X3D examples (OpenWorldsTM) 
 
 
 
X3D was used as a development platform for several reasons.  First, we had 
already created a communication method between the multitouch display and the engine 
for Planet Diggum [19].  This prior work also provided necessary gesture recognition and 
state machine systems.  Secondly, full access to source code was possible through 
OpenWorlds™ [26], a commercial X3D engine, so core functionality could be added 
where needed.  X3D’s flexibility is a particular strength; it is capable of rendering a wide 
range of multimedia formats, including images, video, and sound, and can easily be 
embedded into an HTML page.  In addition, an application built on X3D can easily be 
expanded, a vital consideration when designing a framework meant for future 
development.  Many popular 3D modeling packages, both commercial and open-source, 
natively support export to X3D’s geometry format.  Furthermore, X3D is a modular, 
node-based system; that is, objects in the engine can be transferred from one application 
to another with minimal modification.  Therefore, if resources were not available to 
develop custom assets, the vast free X3D (and legacy VRML) content available via the 
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web could easily be repurposed and integrated into the system.  It is for all these reasons 
that X3D is an ideal choice for educational application development. 
Several new features required for game functionality had to be implemented.  
Since students needed to capture insects in the terrarium simulation, object-to-object 
collision detection was required to know when the jam jar “picks up” an insect.  In 
addition, in order to foster enthusiasm for continuous exploration, students needed a way 
to continue interaction with the simulation outside of the classroom and away from the 
multitouch display.  This could be done through a web interface.  However, for students 
to continue their learning session, important simulation events and user actions had to be 
saved.  Educators also needed a method for easily observing and quantifying student use 
of the system.  Therefore, X3D needed a way to communicate with a database.  These 
extensions are individually discussed. 
 
4.2.1.1. OBJECT-TO-OBJECT COLLISIONS 
 
While X3D provides simple collision detection, it was not robust enough to meet 
the needs of this particular application.  In the terrarium simulation, users collect insects 
using a “jar”, and therefore collision detection between arbitrary geometry in the scene is 
required.  However, the built-in Collision node only prevents intersections between the 
user’s avatar (usually the camera) and the navigable world.  
Work had previously been done to implement robust collision detection for 
VRML, X3D’s predecessor, since it is a common function in game development and is 
present in many other engines.  However, due to a lack of access to an extensible system, 
the library was never implemented in the VRML environment [27].  Since source code 
access to the OpenWorlds [26] browser was available, expansion and implementation of 
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this previous framework by Hudson et. al., V-COLLIDE [27], was possible.  This 
framework assumes that collision volumes are convex objects, or unions of multiple 
convex objects.  It also assumes that collision geometry is composed of triangulated 
polygons.  The library needed little modification to be integrated as an OpenWorlds X3D 
extension, a perfect example of X3D’s flexibility.  By automatically generating simple 
bounding volumes, V-COLLIDE can efficiently calculate collisions between objects of a 
magnitude greater than my simulation requires; benchmarks by Hudson et. al. performed 
collision testing in a scene consisting of 28,750 polygons, which was performed in 33 
milliseconds per frame on a 125 MHz processor [27].  This calculation time is negligible 
for my test system, which has a processor over ten times as fast.  
The resulting node, detailed in Figure 12, allows for a great deal of flexibility 
when detecting collisions between objects, and can easily be integrated into other X3D 
scenes. 
 
 
 
CollisionCollection { 
MFNode [ ] children    NULL 
SFTime [out] collideTime 
MFNode [out] collisionSet 
} 
 
 
Figure 12: The CollisionCollection node 
 
 
 
Implementation details are as follows: parent transforms of objects to be included in 
collision checking are added to the children node array, the location of the collision 
volume is determined by the parent transform’s location, and the size of the bounding 
box is determined from that of the parent (bboxSize).  When loaded, the node generates 
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cube collision volumes, updates their location, and using V-COLLIDE, checks for an 
intersection between objects within the simulation.  These collision volumes, which are 
not rendered and invisible to the user during regular gameplay, can be seen in Figure 13.  
In the event of two collision volumes overlapping, the node returns both the collision 
time and references to the objects that collided. 
 
 
 
 
Figure 13: Collision volumes 
 
 
4.2.1.2. MYSQL CONNECTIVITY 
 Data storage and retrieval was an important consideration when developing the 
platform.  This data would not only be used to drive the simulation, but would power the 
web portal to increase student enthusiasm [11] and would allow the teacher to track 
progress [14].  Due to its affordability, speed and flexibility, the open-source database 
MySQL was chosen.  Since neither X3D nor ECMAScript could natively interface with 
this database, a custom node had to be created.  The node, described in Figure 14, was 
built using MySQL++ [28], a MySQL Application Programming Interface (API) for C++.  
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The node must be initialized with the MySQL server hostname, username, password, port, 
and database to be used.  Once initialized, string queries written in standard Structured 
Query Language (SQL) syntax can be passed to this node’s query event and they are 
executed on the database.  If a result is returned from the query, the subsequent data is 
returned in a string array. 
 
 
 
Mysql4vrml{ 
SFString  [ ] server                 “localhost” 
SFString  [ ] username           “” 
SFString  [ ] password           “” 
SFInt32  [ ] port                    0 
SFString  [ ] database            “” 
SFString  [in] query 
MFString  [out]  result 
} 
 
 
Figure 14: The Mysql4vrml node 
 
 
 
 By utilizing this novel X3D node, a history of important events in the simulation 
can be quickly stored, sorted, and retrieved.  Figure 15 describes how X3D modules can 
be linked together to perform this task. 
 
 
Figure 15: X3D node connections for recording collision information in a database 
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For example, information regarding student collections needs to be saved.  A specimen 
has been “collected” when the virtual jar being dragged by the student collides with an 
insect.  Once this collision occurs, references to the colliding nodes are sent to a custom 
ECMAScript node, which compiles an SQL query which is sent to the Mysql4vrml node, 
where it is executed.   
 
 
DEF Logic Script { 
 eventIn MFNode collisionSet   
 field MFNode localCollisionSet NULL 
 eventOut SFString queryToSend 
url [ "ecmascript:  
 
function collisionSet( val, t) 
{ 
 // get local copy of the collision set 
 localCollisionSet = val; 
 
 // get timestamp 
 var timestamp = new Date(); 
 var seconds = (timestamp.getTime()/1000); 
 seconds = Math.floor(seconds); 
 
// generate query to be sent to MySQL 
queryToSend = 'INSERT INTO collections VALUES (NULL, \'' + 
localCollisionSet[1].children[0].userId + '\', \'' + 
localCollisionSet[1].children[1].objType +'\');'; 
} 
”] 
} 
 
 
 
As previously mentioned, information stored in the database is not only useful to the 
students.  As shown by Chen and Zhang [14] in their approach, logs, or histories of 
student actions, are extremely important. The database serves the same purpose as Chen 
and Zhang’s text file logs; all student actions are stored, allowing both educator and 
researcher access to student metrics.  Unlike text files, however, information in the 
database is quickly and easily sorted and visualized.  Additionally, use of a database 
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allows for possible integration with other larger management frameworks, such as the 
Sharable Content Object Reference Model (SCORM) [30]. 
 
4.2.1.3. PLANTS AND INSECTS 
 
 Both the plants and insects that exist within the simulation grow and change over 
the course of the simulation.  Like the characters in Planet Diggum [19], these objects are 
built as PROTO modules, containing geometry for each distinct stage of maturity, as well 
as a finite state machine.  Plants, placed randomly by the simulation or by learners, start 
life as a seed, and sprout and grow over time. 
 
 
 
Figure 16: Stages of plant growth (Common Violet) 
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Insects employ a similar functionality; since they have distinct life stages, their model 
representation will change according to age within the program. In addition, insects use 
basic wayfinding; more complicated behaviors, such as feeding and flocking, were 
forgone in order to focus on platform development.  However, X3D modularity allows 
for more “intelligent” organisms to be developed and integrated into the platform easily 
in the future.  Diagrams of the state machines used to by the plants and insects in the 
simulation can be seen in Figure 17.   
 
 
 
Figure 17: State charts for simulated insect 
 
 
4.2.1.4. USER INTERACTION 
 
 Building on observations regarding child relationships to virtual companions 
[11][14], I chose a “jam jar” as the analogy for insect capture within the terrarium 
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simulation, an object which evokes memories of catching and observing insects in my 
own backyard.  Up to four students are able to use the simulation at a time.  To join the 
game, a learner will tap the “Join” icon in the corner of the screen.  A group of icons then 
appears, each featuring a picture of a student.  The learner taps his or her icon, and a new 
jar appears.  The jam jar is moved by the user touching the display and dragging his or 
her finger.  Once the jar makes contact with an insect, it will associate that insect with the 
user’s collection.  The user will then be able to “track” the insect over the course of its 
development through the web interface. 
 
 
 
Figure 18: An insect has been added to a student’s collection 
 
 
 
Dragging the jar is not the only method for user interaction; utilizing our gesture 
recognition system from Planet Diggum [19], students can bring up information about an 
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insect by expanding two fingers over it.  These natural gestures require minimum 
instruction and can increase student engagement with the virtual environment. 
 
4.2.2. DATABASE DESIGN 
 
 Data is constantly being sent from and requested by the simulation. This data 
includes metadata describing each of the plants and insects in the simulation, an updated 
status of all the active objects within the simulation (including age and current stage of 
development), a history of collected objects and planted seeds, and user information.  
MySQL manages this data by storing, sorting, and serving it to clients that request it, 
storing data in “tables” similar to spreadsheets, where columns designate the type of 
information to be stored in each row (such as student user name or insect description).  
These data sets are linked to each other using a series of unique identifiers.  These 
relationships are shown in Figure 19.  Using these identifiers, the application can find 
specific information by determining where data sets intersect.  
 
 
 
Figure 19: Application database design 
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4.2.3. WEB INTERFACE 
The purpose of the web interface is twofold: provide students with a vehicle for 
interaction with the simulation anywhere they have access to the Internet and allow 
educators to perform administrative tasks.  Through a colorful interface, students can 
observe how “captured” insect specimens and planted seeds are developing, as well as 
observe the progress of their classmates.  This interface can be seen in Figure 20.  In this 
way, students are further associated with their “pets”, even when they are not explicitly 
participating in the lesson [11].  Web pages for each captured specimen direct students to 
additional outside resources related to that plant or insect, encouraging further research.  
Since my target user base is between the ages of 10 and 12, a bright color scheme was 
chosen with graphics that mimicked a child’s drawing style. 
 
 
Figure 20: Web portal screen 
 
 
 As noted by Squire et. al. [13] and Garzotto and Forfori [10], educational games 
cannot be standalone teaching tools; designers must account for the teacher in the 
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development process and recognize the educator as a facilitator and guide.  The web 
interface provides an easy to use administration tool for the teacher, seen in Figure 21.  
The educator can control access to the table, and can track table and web account usage 
for each student. 
 
 
 
Figure 21: Portal administration screen 
 
Through this portal, the educator can also remotely guide further research; the 
administrator interface allows the educator to connect insect and plant pages to approved 
resources through hyperlinks. 
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5. CASE STUDY: AQUARIUM SIMULATION 
 
 
In order to further demonstrate the flexibility of the system, I adapted an existing 
3D aquarium simulation to be utilized as multitouch educational content using my 
framework.  The simulation, developed by fellow graduate student Justin Dobies, 
attempts to accurately model marine species in their natural habitat, and is designed in 
such a way that content can be easily developed and added by subject matter experts [29].  
Before running the simulation, different marine species are chosen to inhabit the virtual 
aquarium.  As the simulation runs, the application tracks the size of each population, as 
well as its movement.  Users can interact with the simulation by clicking on a particular 
fish to obtain more information.   
 
 
 
Figure 22: X3D aquarium environment 
 
Such an environment is ripe with information, and well suited for exploration through 
gestural interaction.   
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5.1. GESTURE-BASED INTERACTION VOCABULARY 
 For this particular application, I developed a vocabulary of gestures based on our 
existing library through which users would communicate with the system.  Using these 
gestures, students can call focus to a particular species, show and hide a multimedia 
information dialog window, change camera angle, and add new fish to the simulation at 
runtime.   This vocabulary is demonstrated in the Figure 23. 
 
 
Poke: Follow specimen 
 
 
Pinch: Open/close information dialog 
 
 
“Slingshot”: Change camera angle 
 
 
Pinch in top down camera mode: Add fish to simulation 
 
Figure 23: Gesture vocabulary 
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5.2. FRAMEWORK INTEGRATION 
Integration of the existing simulation with the framework took several steps.  First, 
multitouch capability had to be added.  To accomplish this, the MTClient node was added 
to the X3D source code so the simulation could receive gesture information from the 
multitouch display.  X3D touch sensors within the simulation were then replaced with our 
gesture recognition nodes.  Each gesture was then tied to the corresponding functionality 
through ECMAScript using the unique ID assigned to each gesture by the multitouch 
software.  Example ECMAScript follows: 
 
 
DEF TOUCH MTPlaneSensor { enabled TRUE } 
DEF movelogic Script { 
  eventIn SFInt32 gestureId 
  url"ECMAScript: 
    function gestureId(val, t) { 
      switch (val) { 
        // handle based on gesture id 
      } 
    } 
  " 
} 
ROUTE TOUCH.gestureId TO movelogic.gestureId 
 
 
 
 As with the previous application, important simulation data needed to be saved.  
This data includes descriptive information for each fish species, as well as significant 
events that occur in the simulation, such as birth or death.  A MySQL node was first 
inserted to establish a connection with the database.   Using ECMAScript, queries were 
generated and sent to the database via the MySQL node when these events occurred.  The 
following code demonstrates how this instruction is sent: 
 
 
DEF MysqlNode Mysql4vrml  {} 
DEF fishlogic Script { 
  url"ECMAScript: 
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    function death(val, t) { 
      var string = 'INSERT INTO sim_history VALUES (NULL, \'' + 
globalID + '\', \'3\', NULL,\''+ t +'\')'; 
      query_changed = string; 
    } 
  " 
} 
ROUTE BlueShark1.query_changed TO MysqlNode.set_query 
ROUTE MysqlNode.result_changed TO BlueShark1.result_changed 
 
 
 
In this example, when a fish dies, ECMAScript builds a SQL string that adds a new entry 
into the database when executed.  This entry specifies the unique identifier of the fish, the 
identifier of the “death” event, and the time that the event occurred.  Similar queries are 
created for other simulation events. 
As with the terrarium simulation, the aquarium application can be accessed 
through the web to encourage involvement even when a learner is not present at the 
multitouch table.  To demonstrate this connectivity, I built an example web application 
that integrated into the portal and creates a visual timeline of simulation activity.   
 
Figure 24: Example module 
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Using this application, students can track the actions of all the species within the 
simulation.  Students can also narrow the visualization and follow a particular fish, 
possibly one that they added to the simulation themselves. 
To simplify installation and administration of multiple applications, a module-
based system was created.  A module is a simple directory structure containing all the 
assets required by the application.  At the root of the directory is a config file, which tells 
the framework information crucial to loading the module properly.  The contents of the 
fish simulation config file is as follows (the pound sign denotes a comment, which is 
ignored by the system and is added for human readability):  
 
 
# Configuration File 
# Fish Simulation 
# Basic Module Information 
 
full_title = FISH 
alias = fish    
author = Justin Dobies 
description = A simulated aquarium environment. 
date  = 2008 
 
# Configuration Data 
simulation_folder = sim 
web_folder = web 
 
user_information = user.php   
sim_information = sim_info.php   
sim_exe = MTSimulation.wrl 
# Database Data 
database = fishsim 
 
 
 
This configuration file points to two separate subdirectories: one to store X3D for 
the multitouch simulation environment, and one to store PHP code and images utilized by 
the web interface. A module is installed by simply dragging its folder into the 
framework’s /modules directory.  The module is automatically detected and loaded, 
and can be selected for use through the web administration interface.   
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6. FUTURE WORK & IMPLICATIONS 
 
 
 Many possibilities exist for this system.  Network capability could feed real-world, 
real-time data to inform the simulations.  Using available application programming 
interfaces (APIs), data generated from student use of learning modules can be 
standardized to conform to larger learning management systems such as SCORM [30].   
As demonstrated with the fish habitat simulation, new educational content can be added 
through X3D with little modification.  
A limitation for the platform lies in availability of hardware.  Few large-scale 
multitouch displays are yet commercially available; however renewed interest in 
multitouch technologies, plummeting hardware costs, R&D initiatives such as 
Microsoft’s Surface [31], and development platforms such as those proposed by my 
thesis could soon make such hardware available to the mass market and appealing to the 
classroom.  Another necessary improvement to the system involves streamlining all 
processes involved in the framework.  Our multitouch system is comprised of many 
different software components working together, including a web server, gesture 
recognition server, and 3D renderer, as well as required hardware components.  The 
system can be greatly improved by creating an installer and single executable that starts 
and manages all required processes. 
Although deployment in a true classroom environment was outside the scope of 
this thesis, which limited availability of heuristic data from my target user base, I believe 
that I have successfully created a usable platform ready for future development and 
expansion.  Future testing of the prototype within a classroom setting, guided by an active 
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dialog with the intended user base, will refine the system and aid in development of 
additional content, addressing the needs of both educators and learners.   
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7. CONCLUSION 
 
 
In my thesis, I have explored the potential that gaming and state-of-the-art input 
systems have in classrooms and their possible implications for learning.  As a result, I 
have developed an expandable, collaborative platform built on low-cost technology, 
informed by both education theory and the successes and failures in the quickly 
expanding field of educational gaming.  Should such a platform take root, the traditional 
layout of the classroom could be fundamentally altered, creating the true “open learning 
space” that Morrison envisioned.    
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APPENDIX A: PROTOTYPE LESSON PLAN 
 
 
 
A Fragile Balance: A Virtual Living Lab 
Subject: Life Science 
Grades: 5-6 
 
Section I. 
 
Lesson Summary 
 
In this unit, students will explore the balance of the ecosystem and the impact of humans in that 
system.  Students will first discuss, in a large group, what they know about the ecosystem of 
which they are a part.  Students will then explore their own biomes.  Then, breaking into smaller 
groups, students will participate in a computer simulation, collect specimens, and note their 
findings on a class blog.  After using the simulation, students will choose another ecosystem to 
explore.  Using this as a starting point, students will do individual research, collecting information 
from current events and other credible sources, and returning to their groups, prepare a either a 
collaborative video project or poster on their findings. 
 
 
Learning Objectives 
 
Students will: 
 
o Demonstrate the dependency between living components and nonliving components in 
the ecosystem (PA Environment & Ecology Standard 4.6.7.A) 
o Explain how change in an ecosystem relates to humans  (PA Environment & Ecology 
Standard 4.6.7.C) 
o Compare and contrast different biomes  (PA Environment & Ecology Standard 4.6.7.A) 
o Identify the environmental impact that waste has on the environment (PA Science & 
Technology Standard 4.6.7.A) 
o Apply models to predict specific results and observations (PA Science & Technology 
Standard 4.6.7.B) 
o Explain the complex, interactive relationships among members of an ecosystem PA 
Environment & Ecology Standard 4.3.7.B) 
 
 
Computer Functions 
 
o Computer gaming simulation will allow students to participate in experiments that would 
be otherwise impossible inside the classroom 
o Blog will allow students to record their data, and share findings with the rest of the class. 
o Spreadsheets will allow students to organize data, graph trends, and predict outcomes. 
o News aggregators allow students to access up-to-the-minute real-world data. 
o Map software such as Google Earth or Microsoft Virtual Earth allows students to locate 
the ecosystem they are studying. 
o RSS (Really Simple Syndication) allows students to be instantly updated on data 
changes in their experiments and research. 
o Video allows students to present their findings in a coherent and exciting way, which can 
be saved and shown to other students, both locally and on the web. 
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Specify the Problem 
 
This lesson will try to answer several important questions: 
o Why is the balance in an ecosystem so important, and what impact do humans have on 
that balance?   
o What are current examples of this impact?   
o What possibilities does this impact cause for the future, both positive and negative? 
 
 
Problem Data 
 
Students will collect data from several sources: 
o The gaming simulation 
o News sites (example: BBC Science and Nature: 
http://news.bbc.co.uk/2/hi/science/nature/default.stm)  
o Data collection sites (example: Weather.com and the National Weather Service: 
http://www.nws.noaa.gov/) 
o School library 
o Personal data collection found at home 
 
 
Data Manipulation 
 
Students will collect data about their simulation ecosystem, their own ecosystem, and a remote 
ecosystem using the sources listed above.  A daily journal of their data collection will be kept on 
their blog.  Data will be collected on variables such as temperature, humidity, local wildlife, and 
history of local industry, and will be organized and plotted using spreadsheet software such as 
Microsoft Excel.  By relating the graphs and current events, students will critically respond to the 
following questions: 
 
o What animals and plants are part of my biome? 
o How am I affecting my biome? 
o How is my ecosystem different from another ecosystem? 
o How are other people affecting their ecosystem? 
o How are real ecosystems different from the simulation? 
o What are the strengths and weaknesses of the simulation? 
o What changes are occurring in all three ecosystems (simulation, local, and remote?) 
 
 
Results and Presentation 
 
Once all the data has been collected and conclusions have been made, students will work 
together in their small groups to create a short video or a poster documenting their findings, 
including pictures of their own ecosystems, found images of remote ecosystems, charts, and 
conclusions.  These presentations will be placed on the class web site so parents and other 
students can view them.  Once they have completed their presentation, they will complete an 
individual reflection on the project.  In the reflection, students will look back on what they knew 
before the lesson, what they learned, and how their knowledge may have changed.  They will 
also discuss the sources from which they collected data and analyze their credibility.   
 
 
Activities Before Using Technology 
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In a large group discussion, teacher will introduce the topic of a balanced ecosystem, and ask 
students to create a Know/Want/Learned chart about the topic, which students will share.  For a 
homework assignment, students will be instructed to sit outside and observe their local 
ecosystem for half an hour, recording temperature, weather, wildlife and plants observed, etc.  
Students will present their findings to the rest of the class. 
 
Before beginning their data search, students should pick their topic of study (choose a remote 
ecosystem), and should organize a plan of attack for the search.  The instructor should discuss 
how to find credible sources. 
 
Students will also be introduced to the technological tools (if new) that will be used (spreadsheet, 
multitouch display, video editing software) and appropriate usage. 
 
 
Activities While Using Technology 
 
While in small groups, students will rotate through several stations: 
o Some students will be observing the simulation on the multitouch display.  Here, they can 
collect specimens, manipulate the environment (plant seeds, water plants), or record 
additional data (temperature, etc.) 
o Other students will be using the individual computer terminals or the classroom library to 
look for data on their remote/local ecosystem 
 
 
Activities After Using Technology 
 
After a research session, students will be in the group work area, discussing the data and 
comparing the results that they found.  Discussion should be driven by the critical thinking 
questions posed in Section 7. 
 
 
Supporting Activities 
 
Lesson-related: Students will create a food chain chart of plants and animals observed in their 
own environment. 
  
Multiple lesson: The instructor will discuss the importance of the carbon and water cycles, as 
well as the importance of renewable resources and waste management. 
 
Interdisciplinary: Students will study the history of the geographical location of their ecosystem, 
describing human population and industrial history. 
 
 
Section II. 
 
Management Strategies 
 
In order for this lesson to be managed properly, the classroom must be rearranged.  In class 
discussions, desks should be placed in a circle to reinforce and encourage participation as well 
as promoting appropriate behavior.   
 
When working in small, rotating groups, the teacher should be moving from group to group, 
monitoring student progress and answering questions.  All computer screens should face inwards, 
so the instructor has a full view of the screens at all times.  Restrictions can be placed on the 
simulation and blogs so students cannot violate the integrity of either service.  However, despite 
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these restrictions, both systems should be checked frequently for misuse, and the teacher should 
be close in proximity. 
 
Such a classroom could be set up as follows: 
 
 
 
 
Assessment 
 
To assess the student’s grasp of the unit material, several direct, performance-based 
components will be used. 
o Before work begins on the final presentation, students will be given a rubric so standards 
for performance are established early. 
o Using a project framework defined by the instructor, student groups will develop and 
propose their concept to the teacher, so the students are involved in setting the goals of 
the project. 
o Groups will meet with the instructor over the course of the unit periodically to update the 
instructor and help guide student learning. 
o Each component of the unit will have an associated think sheet which will support 
concepts and encourage higher-order thinking. 
o Research and feedback posted on blogs will be monitored by the instructor and 
discussed by the class as a whole. 
 
 
Section III. 
 
Sample Think Sheet 
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Living Lab Simulation Think Sheet  
 
After observing the living lab simulation, answer the following questions: 
 
1. Of the seeds you planted, which vegetation was eaten by insects?  What wasn’t? 
2. How would this affect the ecosystem balance? 
3. What trash have you found in the simulation? 
4. What are those pieces of trash made of?  How could they affect the local ecosystem? 
5. How could those pieces of trash affect other ecosystems? 
6. Visit the recycling homepage for the State of Pennsylvania 
(http://www.dep.state.pa.us/dep/deputate/airwaste/wm/recycle/Recycle.htm).  How many tons of 
garbage are created each year?  How much is recycled?  What is the trend? 
7. How do these real world results relate to the simulation?  What do these numbers mean for local 
and global ecosystems?  
8. How are we, as humans, affected? 
 
 
 
Sample Technical Step-By-Step Guide 
 
Using the Living Lab Simulation 
 
Rules: 
o Do not turn off the system unless instructed to by your teacher 
o Do not kick or shake the table 
o Do not knock on the glass 
 
To Enter the Game: 
Step 1: Touch the screen 
Step 2: Select your picture from the class list 
Step 3: Touch different tools to use them 
Step 4: When you are finished, touch the “X” button next to your picture 
 
Tools: 
o Glass Jar: Collect specimens and add them to your online collection 
o Watering Can: Give your plants a drink! 
o Seed Packet: Add a new plant 
o Hand: Pick something up 
 
Tips:  
o Press your fingers flat against the screen 
 
 
 
Sample Resource Guide 
 
Resource Type Where is it? Information Provided 
National Weather Service Website Internet Bookmarks Climate data, satellite images, 
forecasts, warnings 
Weather.com Website Internet Bookmarks Global climate data 
What We Know About Climate 
Change 
Book Resource Shelf Global warming and it’s 
relationship to natural disasters 
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Climate: The Force That Shapes Our 
World and the Future of Life on 
Earth 
Book Resource Shelf Weather events and human 
interaction with climate 
Awesome Library: Ecology Website Internet Bookmarks Global warming, renewable 
energy, saving forests 
Planet In Peril DVD Resource Shelf Climate change, habitats, 
endangered species and 
population growth 
BBC’s Material World Podcast iTunes Library Environment and species 
The Nature Conservancy Website Internet Bookmarks Conservation 
 
 
Sample Task List 
 
Task List: Blogging your Results 
Did I include a meaningful title? Yes Somewhat No 
Did I give an introduction to my results? Yes Somewhat No 
Did I check spelling? Yes Somewhat No 
Did I include graphs of my results for easy viewing? Yes Somewhat No 
Are my graphs named correctly? Yes Somewhat No 
Is my data organized neatly? Yes Somewhat No 
Is my data entered correctly? Yes Somewhat No 
Is the post published to the web? Yes Somewhat No 
Did I include links to other relevant and credible sources? Yes Somewhat No 
Did I include pictures of my observations? Yes Somewhat No 
 
 
Sample Assessment Rubric 
 
Rubric for poster/video presentation on simulation and real world observation results. 
 
Objective 4: Distinguished  3: Proficient  2: Acceptable 1: Attempted 
Content and 
Understanding 
Complete and 
accurate, with 
multiple credible 
sources listed and 
an in-depth critical 
understanding of 
the material. 
Majority of 
content is 
complete and 
accurate, with 
several credible 
sources and a basic 
understanding of 
the material. 
Some content is 
missing and a few 
errors are present, 
with one or no 
credible sources.  
Some gaps in 
understanding. 
Content contains 
multiple errors and 
is grossly 
incomplete.  No 
credible sources 
are listed, and 
there is no 
understanding of 
the material. 
Presentation Information is 
organized and 
presented in a 
clear, connected 
manner, with well-
chosen examples.  
Design is 
aesthetically very 
pleasing and 
matches the topic. 
Information is 
organized in a 
somewhat clear 
manner, with main 
ideas supported by 
several examples.  
Design in 
aesthetically 
pleasing. 
Information is 
presented in a 
somewhat 
disconnected 
manner, with only 
main ideas and one 
or no examples. 
Information is 
completely 
disconnected.  No 
main ideas 
presented or 
supported, and the 
design does not 
match topic or 
purpose.   
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Proofreading Clear evidence of 
proofreading, with 
no noticeable 
errors. 
Evidence of 
proofreading, with 
few errors that do 
not detract from 
the presentation. 
Evidence of 
proofreading, with 
many errors that 
detract from the 
presentation. 
Little or no 
proofreading, with 
errors that interfere 
with the 
presentation. 
Interpretation of 
content 
Unique 
interpretations and 
very persuasive 
arguments. 
Expected 
interpretations and 
persuasive 
arguments. 
Few interpretations 
or extensions, with 
little support for 
argument. 
No interpretations 
or extensions, and 
limited or no 
support for 
argument. 
Evidence Great deal of 
credible and well-
developed 
evidence presented 
for argument. 
Adequate credible 
evidence presented 
for argument. 
Basic, un-
supported evidence 
presented for 
argument. 
Little or no 
evidence presented 
for argument. 
 
 
Sample Included Materials 
 
Living Lab Simulation: Play to Learn Activity 
 
Oh no!  For some reason, gnats are out of control in our Living Lab garden!  All of 
a sudden, swarms and swarms of the pests are making everyone miserable.  What 
might have caused this problem, and how can it be solved without hurting the other 
plants and animals in the garden? 
 
Guesstimate 
Develop a hypothesis.  What are some common reasons that insect populations grow out of control? 
 
 
 
 
 
Investigate 
Look for clues.  What do you see in the garden that might support your hypothesis? 
 
 
 
 
 
Speculate 
Now that you have discovered a possible cause, how can you solve the problem? 
 
 
 
 
 
Activate 
Put your plan into action!  Collect and chart your results.  Were you correct?  Have you saved the garden? 
 
 
 
 
  
